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(57) ABSTRACT

This disclosure relates to low energy communication tech-
niques. According to some embodiments, a wireless trans-
mission may be received by a wireless device. The wireless
transmission may include a physical layer (PHY) preamble
and PHY data. The PHY preamble may include destination
information indicating a destination and length information
indicating a length (or duration) of the wireless transmis-
sion. The destination and length information may be
included prior to a portion of the PHY preamble configured
for channel estimation. The wireless device may determine
whether the wireless transmission 1s destined to the wireless
device based on the destination information. If the wireless
transmission 1s not destined to the wireless device, the
wireless device may drop a remainder of the wireless
transmission.
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WI-FI LOW ENERGY PREAMBLE

PRIORITY CLAIM

The present application claims benefit of priority to U.S.
Provisional Application No. 61/948,734 titled “Wi-F1 Low

Energy Preamble Field” and filed on Mar. 6, 2014, which 1s
hereby incorporated by reference 1n 1ts entirety as though

tully and completely set forth herein.

FIELD

The present disclosure relates to wireless communication,
including to techniques for performing wireless communi-
cation with reduced power consumption in systems such as
IEEE 802.11 wireless systems.

DESCRIPTION OF THE RELATED ART

Wireless communication systems are rapidly growing in
usage. Additionally, there exist numerous different wireless
communication technologies and standards. Some examples

of wireless communication standards include GSM, UMTS
(associated with, for example, WCDMA or TD-SCDMA air

interfaces), LTE, L'TE Advanced (LTE-A), HSPA, 3GPP2
CDMA2000 (e.g., 1xRTT, 1xEV-DO, HRPD, eHRPD),
IEEE 802.11 (WLAN or Wi-F1), IEEE 802.16 (WiMAX),
Bluetooth, and others.

Many devices which implement such wireless communi-
cation technologies are substantially mobile devices, which
frequently rely on portable power supplies (e.g., batteries).
For such devices 1n particular, as well as for other devices
more generally, the power consumption considerations of
implementing wireless communication technologies may be
substantial. For example, battery life may influence con-
sumer prelerence among possible wireless devices.

LL

SUMMARY

This document describes, inter alia, methods for low-
energy IEEE 802.11 (Wi-F1) wireless communication, and
describes wireless devices configured to implement the
described methods.

Wi-F1 transmissions may generally be structured as hav-
ing various physical layer (PHY) preamble fields, followed
by PHY data, which may include encapsulated header
information for higher layers and/or payload data.

Wi-F1 may utilize carrier sensing as a multiple access
technology. In this case, a Wi-F1 device may monitor (sense)
the Wi-F1 wireless medium for transmissions by other Wi-Fi
devices at least some of the time, 1n order to determine
whether the medium 1s busy or free (e.g., 11 1t has uplink data
buflered and wants to use the medium for an uplink trans-
mission) and/or to determine if any transmissions are
intended for the device.

In order to conserve power, it may be desirable that the
device not spend any more time monitoring the medium than
required to determine that the transmission 1s not intended
for the device and to determine the expected length of the
transmission. Upon making this determination, the device
can enter a low power (sleeping) state for the remainder of
the transmission.

According to the techniques described herein, 1t may be
possible to provide destination and length information early
in the PHY preamble portion of a Wi-F1 transmission, which
may reduce the amount of time required by a device to
determine whether 1t 1s the imntended recipient of a transmis-
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sion, and to determine the scheduled duration of the trans-
mission, and thus increase the amount of time in which the
device may remain 1n a low power state, potentially reducing
the power consumption of the device.

It may be possible to include destination and length
information for a Wi-Fi transmission prior to or as part of a
portion of the PHY preamble configured for channel esti-
mation.

For example, a low-energy signaling (LE-SIG) field may
be mtroduced prior to the legacy long training (L-LTF) field
(which 1s currently used for channel estimation) and may
include destination and length information for the Wi-Fi
transmission in which 1t 1s mcluded. Such a field may be
differentially encoded, 1t desired, since without channel
estimation i1t may (at least 1n some 1nstances) be difficult or
impossible to utilize coherent encoding.

i

T'he techmques described herein may be implemented 1n
and/or used with a number of diflerent types of devices,
including but not limited to cellular phones, portable media
players, portable gaming devices, tablet computers, wear-
able computing devices, remote controls, wireless speakers,
set top box devices, television systems, and computers.

This summary 1s intended to provide a brief overview of
some of the subject matter described in this document.
Accordingly, 1t will be appreciated that the above-described
features are merely examples and should not be construed to
narrow the scope or spirit of the subject matter described
herein 1n any way. Other features, aspects, and advantages of
the subject matter described herein will become apparent
from the {following Detailed Description, Figures, and
Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present subject matter can
be obtained when the following detailed description of the
preferred embodiment 1s considered in conjunction with the
following drawings, in which:

FIGS. 1-2 illustrate exemplary (and simplified) wireless
communication systems, according to some embodiments;

FIG. 3 illustrates a block diagram of an exemplary wire-
less device, according to some embodiments;

FIG. 4 15 a signal flow diagram 1illustrating aspects of an
exemplary method for wireless communication, including
an early indication of destination and length information,
according to some embodiments; and

FIGS. 5-10 1llustrate exemplary implementation details of
possible systems implementing aspects of the method of
FIG. 4 1in which destination and length information 1is
included 1n a LE-SIG field of a Wi-Fi transmission, accord-
ing to some embodiments.

While the features described herein are susceptible to
vartous modifications and alternative forms, specific
embodiments thereol are shown by way of example 1n the
drawings and are herein described 1n detail. It should be
understood, however, that the drawings and detailed descrip-
tion thereto are not intended to be limiting to the particular
form disclosed, but on the contrary, the intention 1s to cover
all modifications, equivalents and alternatives falling within
the spirit and scope of the subject matter as defined by the
appended claims.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

lerms

The following 1s a glossary of terms used in the present
disclosure:

Memory Medium—Any of various types of non-transi-
tory computer accessible memory devices or storage
devices. The term “memory medium” 1s intended to include
an installation medium, e.g., a CD-ROM, floppy disks, or
tape device; a computer system memory or random access
memory such as DRAM, DDR RAM, SRAM, EDO RAM,

Rambus RAM, etc.; a non-volatile memory such as a Flash,
magnetic media, e.g., a hard drive, or optical storage;
registers, or other similar types of memory elements, eftc.
The memory medium may include other types ol non-
transitory memory as well or combinations thereof. In
addition, the memory medium may be located in a first
computer system in which the programs are executed, or
may be located 1n a second diflerent computer system which
connects to the first computer system over a network, such
as the Internet. In the latter mstance, the second computer
system may provide program instructions to the first com-
puter for execution. The term “memory medium” may
include two or more memory mediums which may reside 1n
different locations, e.g., 1n diflerent computer systems that
are connected over a network. The memory medium may
store program 1instructions (e.g., embodied as computer
programs) that may be executed by one or more processors.

Carrier Medium—a memory medium as described above,
as well as a physical transmission medium, such as a bus,
network, and/or other physical transmission medium that
conveys signals such as electrical, electromagnetic, or digi-
tal signals.

Programmable Hardware FElement—includes various
hardware devices comprising multiple programmable func-
tion blocks connected via a programmable interconnect.

Examples include FPGAs (Field Programmable Gate
Arrays), PLDs (Programmable Logic Devices), FPOAs

(Field Programmable Object Arrays), and CPLDs (Complex
PLDs). The programmable tunction blocks may range from
fine grained (combinatorial logic or look up tables) to coarse
grained (artthmetic logic units or processor cores). A pro-
grammable hardware element may also be referred to as
“reconfigurable logic.”

Computer System—any ol various types ol computing or
processing systems, mncluding a personal computer system
(PC), mainirame computer system, workstation, network
appliance, Internet appliance, personal digital assistant
(PDA), personal communication device, smart phone, tele-
vision system, grid computing system, or other device or
combinations of devices. In general, the term “computer
system” can be broadly defined to encompass any device (or
combination of devices) having at least one processor that
executes instructions from a memory medium.

Station (STA)—any of various types of computer systems
devices which are mobile or portable and which performs
wireless communications. Examples of STAs include

mobile telephones or smart phones (e.g., 1Phone™,
Android™-based phones), portable gaming devices (e.g.,
Nintendo DS™,  PlayStation Portable™, Gameboy

Advance™, 1Phone™), laptops, wearable devices (e.g.,
smart watch, smart glasses), PDAs, portable Internet
devices, music players, data storage devices, or other hand-
held devices, etc. In general, the term “UE” or “UE device”

can be broadly defined to encompass any electronic, com-
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4

puting, and/or telecommunications device (or combination
of devices) which 1s easily transported by a user and capable
ol wireless communication.

Base Station or Access Point (AP)—The term “Base
Station™ has the full breadth of its ordinary meaning, and at
least includes a wireless communication station installed at

a lixed location and used to communicate as part of a
wireless telephone system or radio system.

Processing Element—refers to various elements or com-
binations of elements. Processing elements include, for
example, circuits such as an ASIC (Application Specific
Integrated Circuit), portions or circuits of individual proces-
sor cores, entire processor cores, individual processors,
programmable hardware devices such as a field program-
mable gate array (FPGA), and/or larger portions of systems
that include multiple processors.

Automatically—retfers to an action or operation per-
formed by a computer system (e.g., soltware executed by the
computer system) or device (e.g., circuitry, programmable
hardware elements, ASICs, etc.), without user input directly
specilying or performing the action or operation. Thus the
term “‘automatically” 1s in contrast to an operation being
manually performed or specified by the user, where the user
provides mput to directly perform the operation. An auto-
matic procedure may be initiated by input provided by the
user, but the subsequent actions that are performed “auto-
matically” are not specified by the user, 1.e., are not per-
formed “manually”, where the user specifies each action to
perform. For example, a user filling out an electronic form
by selecting each field and providing input specitying infor-
mation (e.g., by typing imformation, selecting check boxes,
radio selections, etc.) 1s filling out the form manually, even
though the computer system must update the form in
response to the user actions. The form may be automatically
filled out by the computer system where the computer
system (e.g., soltware executing on the computer system)
analyzes the fields of the form and fills in the form without
any user input speciiying the answers to the fields. As
indicated above, the user may invoke the automatic filling of
the form, but 1s not involved 1n the actual filling of the form
(e.g., the user 1s not manually specilying answers to fields
but rather they are being automatically completed). The
present specification provides various examples ol opera-
tions being automatically performed 1n response to actions
the user has taken.

PHY rate or PHY data rate—A rate at which devices
communicate with each other over a medium. Many wire-
less communication technologies (including IEEE 802.11)
may provide for the use of different combinations of modu-
lation type, coding rate, numbers of spatial streams, channel
widths, and/or other physical layer characteristics. Each
such combination may result in (and 1 some cases be
referred to as) a “PHY rate”. The combination of physical
layer characteristics which result in a given PHY rate may
also be referred to as a “modulation and coding scheme”,
“MCS”, or “MCS mdex”. “Lower” or “more robust” PHY
rates/MCS 1ndices may prowde receivers with greater capa-
bility to successiully recerve mformation being communi-
cated under less-than-ideal medium conditions than
“higher” or “less robust” PHY rates (e.g., by using a lower
density modulation scheme and/or including a greater pro-
portion of error correction coding information), often at a
cost of potential throughput. ngher or less robust PHY rates
may, 1n contrast, provide more eflicient medium use and
provide greater throughput than lower PHY rates (e.g., by
using a higher density modulation scheme and/or including




US 9,681,386 B2

S

a lesser proportion of error correction coding information),
but may be more difficult to receive under less-than-ideal
medium conditions.

IEEE 802.11—reters to technology based on IEEE 802.11
wireless standards such as 802.11a, 802.11.b, 802.11g,
802.11n, 802.11-2012, 802.11ac, and/or other IEEE 802.11
standards. IEEE 802.11 technology may also be referred to
as “Wi-F1”7 or “wireless local area network (WLAN)” tech-
nology.

FIGS. 1-2—Communication System

FIG. 1 illustrates an exemplary (and simplified) wireless
communication system 100, according to some embodi-
ments. It 1s noted that the system 100 of FIG. 1 1s merely one
example of a possible system, and embodiments may be
implemented 1n any of various systems, as desired. For
example, note that although the exemplary wireless com-
munication system 100 1llustrated in FIG. 1 1s shown as
including four wireless devices, aspects of the disclosure
may be mmplemented 1n wireless communication systems
having greater or lesser numbers (1.¢., any arbitrary number)
of wireless devices.

As shown, the exemplary wireless communication system
100 1ncludes multiple wireless devices 102-108 which com-
municate over a transmission medium. Some or all of the
wireless devices may be substantially mobile devices (*“sta-
tions” or “STAs”). Alternatively, or 1n addition, some or all
of the wireless devices may be substantially stationary.

The wireless devices 102-108 may communicate over the
wireless transmission medium 1n such a manner as to form
a wireless network. The wireless network may be an IEE.
802.11 ‘“infrastructure mode’ network provided by a dedi-
cated access point (e.g., wireless device 102); alternatively,
the wireless network may be an ‘ad-hoc’ or peer-to-peer
based network. Note that it may be possible that the wireless
network may include one or more ‘hidden nodes’; for
example, as shown, wireless device 108 may be within
communication range of wireless device 102, but may not be
able to detect (and/or be detected by) wireless devices 104
and 106. The wireless devices 102-108 may be configured to
perform low energy IEEE 802.11 wireless communication
according to aspects of the present disclosure.

One or more of the wireless devices may be equipped to
communicate with one or more external networks. For
example, as shown, wireless device 102 may be communi-
catively coupled to network 100. The external network(s)
may be any of a variety of types of networks, such as a
cellular service provider’s core network (e.g., via a cellular
base station), the Internet, or an organization’s intranet,
among various possibilities.

Note that one or more of the wireless devices 102-108
may be capable of communicating using multiple wireless
communication standards. For example, one or more of the
wireless devices 102-108 may be configured to communi-
cate using at least one wireless networking protocol (e.g.,
Wi-F1) and/or peer-to-peer wireless communication protocol
(e.g., BT, Wi-F1 peer-to-peer, etc.) and at least one cellular
communication protocol (e.g., GSM, UMTS, LTE, LTE-
Advanced (LTE-A), 3GPP2 CDMA2000 (e.g., 1xRTT,
1xEV-DO, HRPD, eHRPD), etc.). Any or all of wireless
devices 102-108 may also or alternatively be configured to
communicate using one or more global navigational satellite
systems (GNSS, e.g., GPS or GLONASS), one or more
mobile television broadcasting standards (e.g., ATSC-M/H
or DVB-H), and/or any other wireless communication pro-
tocol, 1f desired. Other combinations of wireless communi-
cation standards (including more than two wireless commu-
nication standards) are also possible.
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FIG. 2 illustrates an exemplary wireless communication
system 200 1n which aspects of the system 100 of FIG. 1
according to one possible implementation are represented,
according to some embodiments. As shown, 1n the illustrated
system wireless device 106 may be a mobile station (STA)
106 and wireless device 102 may be an access point 102
(also referred to as an “AP”, or alternatively as a “base
station” or “BS”). The STA 106 may be a user device with
Wi-F1 communication capability such as a mobile phone, a
hand-held device, a wearable device, a computer or a tablet,
or virtually any type of wireless device. The AP 102 may be
an access point device with Wi-F1 communication capability
such as a wireless router or other wireless access point.

Either or both of the AP 102 and the STA 106 may include
a processor that 1s configured to execute program instruc-
tions stored 1n memory. Either or both of the AP 102 and the
STA 106 may perform any of the method embodiments
described herein by executing such stored instructions.
Alternatively, or in addition, a programmable hardware
clement such as an FPGA (field-programmable gate array)
that 1s configured to perform any of the method embodi-
ments described herein, or any portion of any of the method
embodiments described herein, may be included as part of
the AP 102 and/or the STA 106.

FIG. 3—Exemplary Block Diagram of a Wireless Device

FIG. 3 illustrates an exemplary block diagram of a wire-
less device 300 which may be configured for use 1n con-
junction with various aspects of the present disclosure,
according to some embodiments. The device 300 may be
any of a variety of types of device and may be configured to
perform any of a variety of types of functionality. For
example, the device 300 may be a substantially portable
device (a mobile device), such as a mobile phone, a personal
productivity device, a computer or a tablet, a handheld
gaming console, a portable media player, etc. Alternatively,
the device 300 may be a substantially stationary device, such
as a television, a subwoofer, speaker, or other audio render-
ing device, a wireless access point, a set-top box, etc., 1f
desired.

As shown, the device 300 may include a processing
clement 304. The processing element 304 may include or be
coupled to one or more local and/or system memory ele-
ments, such as memory 302. Memory 302 may include any
of a variety of types of memory and may serve any of a
variety of functions. For example, memory 302 could be
RAM serving as a system memory for processing element
304. Other types of memory and functions are also possible.

The device 300 may also include wireless communication
circuitry 306. The wireless communication circuitry 306
may 1nclude analog and/or digital circuitry components, and
may alternatively be referred to as a ‘radio’. In general, a
radio may include any combination of a baseband processor,
analog RF signal processing circuitry (e.g., including filters,
mixers, oscillators, amplifiers, etc.), or digital processing
circuitry (e.g., for digital modulation as well as other digital
processing ). Siumilarly, the radio may implement one or more
receive and transmit chains using the aforementioned hard-
ware. For example, the wireless device 300 may share one
or more parts ol a receive and/or transmit chain between
multiple wireless communication technologies, such as
those discussed above. The wireless communication cir-
cuitry may include or be coupled to one or more antennas
308.

Note that 11 desired, the wireless communication circuitry
306 may 1nclude a discrete processing element 1n addition to
processing element 304; for example, processing element
304 may be an ‘application processor’ while wireless com-
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munication circuitry 306 may include 1ts own ‘baseband
processor’; alternatively (or in addition), processing element
304 may providing processing capability for the wireless
communication circuitry 306. The device 300 may be
capable of communicating using any ol various wireless
communication technologies by way of wireless communi-
cation circuitry 306 and antenna(s) 308.

The device 300 may additionally include any of a variety
of other components (not shown) for implementing device
functionality, depending on the intended functionality of the
device 300, which may include further processing and/or
memory c¢lements, one or more power supply eclements
(which may rely on battery power and/or an external power
source), user interface elements (e.g., display, speaker,
microphone, camera, keyboard, mouse, touchscreen, etc.),
additional communication eclements (e.g., antenna(s) for
wireless communication, I/O ports for wired communica-
tion, communication circuitry/controllers, etc.) and/or any of
various other components.

The components of the device 300, such as processing
clement 304, memory 302, wireless communication cir-
cuitry 306, and antenna(s) 308, may be operatively coupled
via one or more intra-chip or inter-chip interconnection
interfaces, which may include any of a variety of types of
interface, possibly including a combination of multiple types
ol interface. As one example, a USB high-speed inter-chip
(HSIC) interface may be provided for inter-chip communi-
cations between processing element 304 and wireless com-
munication circuitry 306. Alternatively (or in addition), a
universal asynchronous receiver transmitter (UART) inter-
face, a serial peripheral interface (SPI), inter-integrated
circuit (12C), system management bus (SMBus), and/or any
of a variety of other communication interfaces may be used
for communications between processing eclement 304,
memory 302, wireless communication circuitry 306, and/or
any of various other device components. Other types of
interfaces (e.g., peripheral interfaces for communication
with peripheral components within or external to device
300, etc.) may also be provided as part of device 300.

As described herein, the device 300 may include hardware
and software components for implementing features for
performing low energy IEEE 802.11 wireless communica-
tion, such as those described herein with reference to, inter
alia, FIG. 4.

FIG. 4—Communication Flow Diagram

FIG. 4 1s a communication/signal flow diagram 1llustrat-
ing a scheme that may be used for performing wireless
communication in a wireless communication system, such
as an IEEE 802.11 wireless communication system, accord-
ing to some embodiments. The scheme may be used to
reduce power consumption of devices 1n the wireless com-
munication system, 1n particular by enabling devices in the
system to rapidly determine whether a given transmission
(e.g., physical layer packet) 1s intended for that device and
the length of the transmission. For example, 1n the case in
which a device determines that 1t 1s not the intended desti-
nation for a transmission, the device may be able to drop the
remainder of the transmission and enter a lower power state
(c.g., sleep) for the remaining length of the transmission,
thereby avoiding as much unneeded power consumption as
possible.

The method shown 1n FIG. 4 may be used 1n conjunction
with any of the computer systems or devices shown 1n the
above Figures, among other devices. Some of the method
clements shown may be performed concurrently, 1n a dii-
ferent order than shown, or may be omitted. Additional
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and/or alternative method elements may also be performed
as desired. As shown, the methods may operate as follows.

A first wireless device 402 may perform a wireless
transmission 410 (a “first wireless transmission’™). The first
wireless transmission may be performed according to any of
a variety of wireless communication technologies and/or
standards, as desired. As one specific possibility, the first
wireless transmission may be an IEEE 802.11 (Wi-Fi)
transmission.

The first wireless transmission may include a physical
layer (PHY) preamble and signaling information, as well as

PHY data. The PHY data may include encapsulated higher

layer data for any of various possible networking, applica-
tion, and/or other protocol stack layers, for example depend-
ing on the communication standard(s) and/or technologies 1n
conjunction with which the first wireless transmission 1s
being performed.

The PHY preamble and signaling information may facili-
tate carrier sensing and physical layer reception and decod-
ing of the first wireless transmission by devices capable of
receiving the first wireless transmission, and may include
portions for any of various desired functions. For example,
the PHY preamble and signaling information may include
portions configured for any or all of signal/packet detection,
gain control (e.g., automatic gain control (AGC)), coarse
and/or fine frequency oflset estimation and correction,
coarse and/or fine timing estimation, channel estimation,
modulation scheme and/or coding rate immformation, trans-
mission length, transmission destination(s), and/or any of
various other information.

For example, 1n the exemplary case i which the first
wireless transmission 1s a Wi-F1 transmission, the PHY
preamble may include any or all of a legacy short traiming
field (L-STF), a legacy long training field (L-LTF), a legacy
signal field (L-SIG), as well as one or more ‘high through-
put’ (HT) and/or ‘very high throughput’ (VHT) short train-
ing fields, long training fields, and/or signal fields, depend-
ing on the version (e.g., 802.11n, 802.11 ac, etc.) of the
Wi-F1 transmission.

As shown, at least a portion of the first wireless trans-

mission 410 may be received by a second wireless device
404. In 412, the second wireless device 404 may determine
the intended destination of the first wireless transmission
410, for example based on destination information included
in the PHY preamble.

In 414, if the second wireless device 404 1s not the
intended destination of the first wireless transmission (e.g.,
as 1ndicated by the destination information), the second
wireless device 404 may drop the remainder of the first
wireless transmission. For example, the second wireless
device 404 may cease receiving and decoding using 1ts
receive chain upon determining that the first wireless trans-
mission 410 1s not destined to the second wireless device
404, and may ‘sleep’ or enter a low power state (e.g., power
down some or all radio components) for the remainder of the
transmission. The length of time for which the second
wireless device 404 sleeps may be determined based on the
length information provided in the PHY preamble.

At least 1n some instances, destination and length infor-
mation for the first wireless transmission 410 may be
included early in the first wireless transmission 410. For
example, as one possibility, referring again to the exemplary
case 1n which the first wireless transmission 410 1s a Wi-Fi
transmission, the destination and length information may be
provided 1n a ‘low energy signal” or ‘LE-SIG’ field (e.g., a
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new field), which may be included in the first wireless
transmission 410 subsequent to the L-STF and prior to the
L-LTF.

In this exemplary case, receiving devices may not yet
have performed channel estimation (e.g., which may be 5
based on the L-LTF) upon receiving the destination and
length information. Accordingly, 1n order to enable receiving
devices to successiully decode the destination and length
information, at least 1n some instances the LE-SIG field may
be diflerentially encoded. This may be in contrast to subse- 10
quent portions of the first wireless transmission 410 (e.g.,
portions subsequent to channel estimation, such as subse-
quent to the L-LTF), which may be coherently encoded.

As noted hereinabove, a device which 1s not the intended
destination of the first wireless transmission 410 may be able 15
to drop the remainder of the transmission and sleep as soon
as 1t 1s able to determine that the transmission 1s not for that
device. Thus, the earlier destination and length information
are provided for a given transmission, the earlier each
respective device to which the transmission 1s not destined 20
may return to a low power state and avoid any further
unneeded power consumption, while still remaining in syn-
chronization with the transmission schedule of the wireless
communication system (and thus remaining able to wake up
in a timely manner for a next transmission, which may be 25
intended for the respective device).

Thus, including the destination and length information as
carly as reasonably possible 1n the first wireless transmission
410 may result 1n relatively power-eflicient operation for
devices 1n the wireless communication system. This may 30
particularly be the case as the number of devices in the
wireless communication system increases, since as the num-
ber of devices 1n the system increases, it may be the case that
the proportion of transmissions which are not intended for
cach respective device may increase. In other words, the 35
power consumption reducing effect of a technique (such as
described herein) which reduces power consumption 1n the
case 1n which a device 1s not the intended recipient of a given
transmission may be proportionally more significant as the
number of devices 1n a wireless communication system 40
grOws.

FIGS. 5-10—Exemplary 802.11 Implementation Details

FIGS. 5-10 and the information provided herein below in
conjunction therewith are provided by way of example of
various considerations and details relating to possible IEEE 45
802.11 wireless communication systems in which the
method of FIG. 4 may be implemented, according to some
embodiments, and are not imtended to be limiting to the
disclosure as a whole. Numerous variations and alternatives
to the details provided herein below are possible and should 50
be considered within the scope of the disclosure.

In Wi1-F1 communication systems, significant power sav-
ings are achieved by allowing Wi-F1 devices (e.g., STAs) to
sleep as much as possible. For example, one possible power
save (PS) mode of operation may include a STA waking up 55
at specific intervals (e.g., delivery traflic indication message
(DTIM) 1ntervals) to ‘listen” to transmissions from the
access point. If there 1s tratlic buflered at the AP for the STA,
the STA can then remain awake until the AP has sent all of
the bullered data to the STA; otherwise, the STA may sleep 60
until the next specified interval and check again for buflered
traflic.

However, depending on the loading of the cell, the STA
may be forced to wait a greater or lesser amount of time
betfore the AP transmits 1ts data (e.g., due to the carrier sense 65
multiple access/collision avoidance (CSMA/CA) nature of
the protocol and time-sharing of the medium). In the mean-

10

time, the STA may listen to (at least a portion of) every
transmission on the medium, since it may not know when
it’s packet will arrive.

As described with respect to FIG. 4, 1t may be possible for
a STA to listen to only a portion of a packet, determine that
the packet 1s not intended for the STA, and drop the
remainder ol the packet and sleep until the next transmis-
sion, which may reduce the power consumption of the STA
during such periods of waitting for a transmission. This may
include setting a network allocation vector (NAV) to enable
“virtual carrier sensing’. As also previously noted with
respect to FI1G. 4, greater power consumption reduction may
be achieved with earlier inclusion of the information needed
for such a capability.

According to some embodiments, 1t may be possible to
define a new field, for example for inclusion between the
L-STF and the L-LTF, in which destination and length
information 1s provided. FIGS. 5-6 illustrate how a packet
structure 1including such a field may differ from an 802.11 ac
packet structure, according to some embodiments. As
shown, FIG. 5 illustrates an exemplary IEEE 802.11ac
physical layer packet structure, including PHY preamble and
PHY data. As shown, the preamble may include various
legacy and very high throughput short training fields, long
training fields, and signal fields, each of a fixed length, and
may be followed by a very high throughput data field (.e.,
the PHY data) which may be of a vaniable length.

In the exemplary IEEE 802.11 ac physical layer packet
structure illustrated 1 FIG. 5, destination information (in
particular, a partial association ID or PAID) for the packet
may be provided in the VHT SIG-Al field, and may be
decoded and used to determine the destination of the packet
alter receipt of the VHT SIG-A2 field. Thus, (e.g., 1n
combination with length information provided in the L-SIG
field), a device decoding a packet which determines that 1t
1s not the intended receiver of the packet may be able to drop
the remainder of the packet and sleep, after an 1nmitial time,
¢.g., 28 us, for the length of time during which the remainder
of the packet 1s being transmitted.

FIG. 6 illustrates an exemplary new IEEE 802.11 physical

layer packet structure including a new ‘low energy signal’ or
‘LE-SIG’ field between the L-STF and the L-LTFE. The
LE-SIG field may include destination and length informa-
tion for the packet, and thus may enable a receiving device
which 1s not the intended recerver of the packet to drop the
remainder of the packet and sleep for the length of time
during which the packet i1s being transmitted after the
LE-SIG field. If the LE-SIG field 1s 4 us, this would mean
a recerving device could sleep after just 12 us, while 11 the
LE-SIG field 1s 8 ps, this would mean a receiving device
could sleep after just 16 us. These would represent approxi-
mately 57% (12/28) or 43% (16/28) power savings com-
pared to if the packet structure illustrated in FIG. § were
used.

The L-STF may serve several functions, including any or
all of the start of packet detection, AGC, coarse frequency
oflset estimation and correction, and coarse timing estima-
tion. At least 1n some instances, the L-STF may not be
suflicient for a receiving device to perform channel estima-
tion (which may be performed using/based on the L-LTF);
accordingly, 1 order to include destination and length
information in the LE-SIG and provide the LE-SIG between
the L-STF and the L-LTF as shown 1n FIG. 6 with reason-
able expectation of usability by receiving devices, the LE-
SIG may be differentially encoded. For example, the infor-
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mation may be encoded 1n the transitions from one sample
to the next, rather than 1n the sample 1itself (1.e., coherent
encoding).

As previously noted, the LE-SIG may include destination
information and length information for the packet. The
format of the LE-SIG may be designed as desired; for
example, any format and field length for the destination
information and the length information may be used. As one
possibility, the LE-SIG may include 23 information bits (and
24 bits 1n total, as the first bit may be a reference bit for the
differential encoding), of which 9 bits may indicate the PAID
(or any other compressed format, such as partial MAC
address or grouplD) of the destination address, 11 bits may
indicate the length of the packet in OFDM symbols, and 3
bits may be cyclic redundancy check information. Such a
format may support approximately 1000 STAs per basic
service set (BSS) and a maximum packet length of 5.46 ms.
Different numbers of information bits (1n total and/or per
field), different field formats (e.g., different destination
address format, length measurement in bytes, us, or any
other metric, including or not including acknowledgement,
etc., as desired), inclusion of additional information, and/or
other variations 1n the LE-SIG field may be used, as desired.

The LE-SIG may be designed to use or not use coding as
desired, and to be repeated (e.g., for time diversity, noise
reduction, etc.) any desired number of times. For example,
the modulated symbols may be repeated four times without
coding over an 8 us 1nterval, or may be repeated two times
with r=V2 coding over an 8 us interval. Furthermore, the
LE-SIG may be transmitted at any of various possible PHY
data rates, as desired. For example, a 6 Mbps data rate may
be used for one OFDM symbol period (4 us), or a 3 Mbps
data rate may be used for two OFDM symbol periods (8 us).

Since the LE-SIG may encode imnformation differentially,
a device configured to utilize the LE-SIG may include a
differential demapper functional block (e.g., as part of 1ts
radio). FI1G. 7 1llustrates an example recerver block diagram
which includes a differential demapper block, and which
may be used to decode a differentially encoded LE-SIG field
according to different possible implementations.

As shown, the receiver may include analog radio fre-
quency (RF) circuitry, which may receive signals from an
antenna and provide those (e.g., filtered, amplified, and/or
otherwise modified) signals to an analog to digital converter
(A/D), which may 1n turn convert the analog signals to
digital signals and provide them to digital front end circuitry.
Based on the L-STF field of an incoming signal, the receiver
may be able to perform carrier sensing (CRS) to detect
incoming packets, and may also configure automatic gain
control (AGC) and perform frequency oflset estimation and
correction for each detected incoming packet (e.g., based on
a control signal from the carrier sensing block, which may
be provided based on incoming packet detection).

After Fast Fourier Transform (FFT) placement and FFT
(which may utilize FFT input and output butlers), incoming
signals may be provided to a channel estimation block, a
demapper block, or a LE-SIG symbol combiner block, e.g.,
depending on which portion of a transmission 1s incoming at
a particular time. As shown, incoming signals may also be
provided to a datapath controller block, which may analyze
the signals to determine which datapath to enable. For
example, the datapath controller may be able to detect
whether the second field of an incoming packet 1s an LE-SIG
field or an L-LTF field, and enable the datapath to the
LE-SIG symbol combiner and differential demapper or the
channel estimation block respectively.
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Thus, 1t the second field 1s an LE-SIG field, the signals of
the LE-SIG field may be provided to the LE-SIG symbol

combiner (e.g., since they may be repeated, in order to
obtain noise reduction benefits), and thence to a differential
demapper. Alternatively (e.g., if the LE-SIG signals are not
repeated), no LE-SIG symbol combiner block may be used
and the LE-SIG datapath may provide signals from the FFT
block directly to the differential demapper. The differential
demapper block may determine the value of each bit (tone)
based on the diflerence relative to the previous tone; for
example, 11 a tone 1s rotated from the previous tone, this may
indicate a ‘1’°, while if a tone 1s the same as the previous
tone, this may indicate a *0’. If the LE-SIG uses coding (e.g.,
=14 coding), the viterbi block may also be used as part of

decoding the LE-SIG, after which the CRC,. may be
checked to vernily that the LE-SIG has been correctly
decoded. Alternatively, 11 the LE-SIG 1s uncoded, the dat-
apath may tlow from the diflerential demapper directly to the
CRC, - check.

If the receiver 1s the intended receirver of the packet,

channel estimation may then be performed based on the
L-LTF field using the channel estimation block, subsequent
to which the L-SIG field and subsequent fields (which may
be coherently encoded) may be decoded using coherent
detection at the demapper and viterbi blocks.

As noted above, the datapath controller may identity
which type of preamble 1s being received (e.g., legacy or
LE), and switch the datapath accordingly. For LE preambles,
the datapath controller may also check the destination and
length information in the LE-SIG to determine whether to
proceed further or drop the packet. Identifying the preamble
type may be performed 1n any of various ways as desired; as
one possibility, the L-LTF frame structure may be exploited
to quickly recognize whether or not a field (e.g., the second
field of the PHY preamble) 1s the L-LTF.

For example, as shown 1n FIG. 8, an L-LTF may include
a cyclic prefix during the first 0.8 us of the field, and may
repeat the cyclic prefix during the second 0.8 us of the field.
In contrast, an LE-SIG field may include a single cyclic
prefix prior to each of the LE-SIG1 and LE-SIG2 portions of
the field. Thus, following the L-STF, the datapath controller
may collect a 0.8 us sample and perform auto-correlation. I
there 1s a peak 1n the next 0.8 us, this may indicate that the
field 1s an L-LTF field (and that the preamble of the
incoming packet 1s a legacy preamble), while 11 not, this may
indicate that the field 1s an LE-SIG field (and that the
preamble of the incoming packet 1s a LE preamble). Thus,
such classification may be performed within 1.6 us after the
L-STF field.

FIG. 9 1s a flowchart diagram illustrating an example
process flow for PS operation of a device configured to
utilize a packet structure which includes an LE-SIG field
such as described herein.

As shown, 1 902 the device may actively search for
incoming transmissions. After detecting an incoming packet
(detecting an L-STF) 1n 904, the device may identify the
second field 1n 906. In particular, 1t may be determined 1n
908 whether the second field 1s an L-LTF field (e.g., 1t the
incoming packet i1s a legacy packet) or an LE-SIG field (e.g.,
i the incoming packet has the packet structure 1llustrated 1n
and described with respect to FIG. 6).

One mechanism for identifying the second field may be to
simply attempt to decode the second field as both an L-LTF
(e.g., determining whether the incoming signal matches the
expected training sequence) and as an LE-SIG (e.g., deter-
mining whether the CRC wvalue for what would be the
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LE-SIG 1s correct), for example using multiple blocks of the
receive chain simultaneously, e.g., 1n parallel.

Alternatively, as shown, a data path controller (such as
previously described herein, including with respect to FIGS.
7-8) may be used for early 1dentification of the second field.
The data path controller may run a time-domain correlator
(e.g., in dedicated hardware) following the L-STF on the
repeated cyclic prefix which may be present 1 a legacy
preamble to determine the 1dentity of the second field prior
to or at the beginning of the second field.

If the second field 1s an LE-SIG field, 1n 910 the receive
path for the differential demapper may be activated. In 912
the CRC for the LE-SIG (CRC, z) may be checked. It the
CRC, .. succeeds, 1n 914 the destination address (DA) and
length of the packet may be checked. Assuming the DA 1s
not that of the device implementing the process tlow of FIG.
9,11 916 and 918 respectively the device may set a timer and
sleep for the length of the packet. If the DA 1s that of the
device implementing the process flow of FIG. 9, the device
may proceed from step 914 to step 922 to continue decoding
the remainder of the packet.

If 1 step 912 the CRC, .. fails, this may be a result of poor
reception conditions (or possibly may result 11 the packet 1s
a legacy packet and the second field i1s actually an L-LTF
field). As one possibility (and as shown), the device may
proceed to step 918, and simply drop the remainder of the
packet and sleep for a period of time (e.g., for a random or
pseudorandom period of time, until the next beacon, or for
any other desired interval), after which the device may wake
up and return to step 902 to again actively search for
incoming packets. As another possibility (not shown), the
device may attempt to continue to receive the packet (e.g.,
performing channel estimation on the L-LTF field and
decoding subsequent fields), at least until the next indication
of the destination address and packet length are received.

If 1t 1s determined in step 908 that the packet includes a
legacy preamble and the second field 1s an L-LTF field, the
device may follow the right-hand side of the illustrated
process tlow. Proceeding to step 920 1n this case, the device
may activate the path for channel estimation, then in 922 the
device may process the L-SIG and the rest of the packet (at
least until an indication of the destination address and packet
length are received). If the packet 1s not mtended for the
device (once this 1s determined), the device may drop the
packet and sleep for the remainder of the packet duration; 1f
the packet 1s intended for the device, 1n 924 the device may
check the CRC,, . atthe end of the packet, and if successtul,
in 926 may send an acknowledgement. I the CRC,, . Tfails,
the device may instead proceed to step 928 and sleep for a
period of time (e.g., for a random or pseudorandom period
of time, until the next beacon, or for any other desired
interval), after which the device may wake up and return to
step 902 to again actively search for incoming packets.

FIG. 10 1s a flowchart diagram illustrating an example
process tlow for operation of a legacy device which 1s not
configured to utilize a packet structure which includes an
LE-SIG field such as described herein.

As shown, 1n 1002 the device may actively search for
incoming transmaissions. Alter detecting an incoming packet
(detecting an L-STF) mn 1004, in 1006 the device may
attempt to decode the second field as a L-LTF. If the
incoming packet 1s a legacy packet (in which case the second
ficld may indeed be a L-LTF), the device may succeed 1n
decoding the L-LTF, and may subsequently be able to
process the L-SIG and the remainder of the packet in 1008.
The device may thus continue to process the packet, at least
until an indication of the destination address and packet
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length are received. If the packet 1s not intended for the
device, the device may drop and sleep for the remainder of
the packet once this 1s determined; if the packet i1s intended
for the device, 1n 1010 the device may check the CRC,
at the end of the packet, and i1 successtul, 1n 1012 may send
an acknowledgement. If the CRC, . fails, the device may
instead proceed to step 1014 and sleep for a period of time
(e.g., for a random or pseudorandom period of time, until the
next beacon, or for any other desired interval), after which
the device may wake up and proceed to step 1002 to again
actively search for incoming packets.

If the incoming packet 1s not a legacy packet (1n which
case the second field may be a LE-SIG field), in 1006 the
device may fail to decode the L-LTF. In this case, the device
may sleep (e.g., for a random or pseudorandom period of
time, until the next beacon, or for any other desired interval)
and eventually wake up to again actively search for incom-
ing packets, or may immediately transition back to step 1002
for an active search for incoming packets. Thus, use of a
packet structure including an LE-SIG field such as described
herein may not provide backwards compatibility with legacy
devices, at least in some 1nstances.

In the following further exemplary embodiments of the
disclosure are presented.

1. A method, comprising: receiving, by a wireless device,
a wireless transmission, wherein the wireless transmission
comprises a physical layer (PHY) preamble and PHY data;
wherein the PHY preamble comprises destination informa-
tion indicating a destination and length information indicat-
ing a length of the wireless transmission; wherein the PHY
preamble comprises a portion configured for channel esti-
mation; wherein the destination information and the length
information are located prior to the portion of the PHY

preamble configured for channel estimation; determining, by
the wireless device, whether the destination information
indicates that the wireless transmission 1s destined to the
wireless device; dropping, by the wireless device, the
remainder of the wireless transmission 1f the destination
information indicates that the wireless transmission 1s not
destined to the wireless device.

2. The method of example 1, wherein the destination
information and the length information are diflerentially
encoded; wherein portions of the wireless transmission
subsequent to the portion configured for channel estimation
are coherently encoded.

3. The method of any of examples 1-2, wherein the
wireless transmission 1s an IEEE 802.11 wireless commu-
nication; wherein the PHY preamble comprises at least a
legacy short traiming field and a legacy long training field;
wherein the destination information and the length informa-
tion are provided subsequent to the legacy short traiming
field and prior to the legacy long training field.

4. The method of any of examples 1-3, wherein dropping,
by the second wireless device, the remainder of the first
wireless transmission comprises sleeping or entering a low
power state for the length of the first wireless transmission
based on the length information.

5. A method, comprising: performing, by a first wireless
device, a first wireless transmission, wherein the first wire-
less transmission comprises a physical layer (PHY) pre-
amble and PHY data, wherein the PHY preamble comprises
destination information indicating a device to which the first
wireless transmission 1s destined and length information
indicating a length of the first wireless transmission, wherein
the PHY preamble comprises a portion configured for chan-
nel estimation, wherein the destination information and the
length information are located prior to the portion of the
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PHY preamble configured for channel estimation; receiving,
by a second wireless device, at least a portion of the first
wireless transmission; if the destination information indi-
cates that the first wireless transmission 1s not destined to the
second wireless device: determining by the second wireless
device, that the first wireless transmission 1s not intended for
the second wireless device based on the destination infor-
mation; and dropping, by the second wireless device, the
remainder of the first wireless transmission.

6. A method, comprising: by a wireless device: receiving
a wireless transmission, wherein the wireless transmission
comprises a physical layer (PHY) preamble and PHY data,
wherein the PHY preamble comprises destination informa-
tion indicating a destination and length information indicat-
ing a length of the wireless transmission; determining
whether the wireless transmission 1s or 1s not destined to the
wireless device based on the destination information; and
dropping a remainder of the wireless transmission if the
wireless transmission 1s not destined to the wireless device.

7. The method of example 6, wherein the PHY preamble
comprises a portion configured for channel estimation,
wherein the destination information and the length informa-
tion are located prior to the portion of the PHY preamble
configured for channel estimation.

8. The method of example 6, wherein the destination
information and the length information are differentially
encoded; wherein portions of the wireless transmission
subsequent to the portion configured for channel estimation
are coherently encoded.

9. The method of any of examples 6-8, wherein the
wireless transmission 1s an IEEE 802.11 wireless commu-
nication, wherein the PHY preamble comprises at least a
legacy short tramning field and a legacy long traming field,
wherein the destination information and the length informa-
tion are provided subsequent to the legacy short traiming
field and prior to the legacy long training field.

10. The method of any of examples 6-9, wherein dropping
the remainder of the first wireless transmission comprises
sleeping or entering a low power state for the length of the
first wireless transmission based on the length information.

11. The method of any of examples 6-10, wherein the
destination information comprises one of a partial media
access control (MAC) address of the destination device or a
partial association ID (PAID) of the destination device.

12. The method of any of examples 6-11, wherein the
length information indicates a length of the wireless trans-
mission 1n one or bytes or OFDM symbols.

13. The method of any of examples 6-12, wherein the
destination information and the length information are com-
prised 1n a differentially encoded field of the PHY preamble,
wherein OFDM symbols the destination information and the
length information are repeated at least twice during the
differentially encoded field.

14. The method of any of examples 6-13, further com-
prising: determining whether a field of the PHY preamble
subsequent to the legacy short training field 1s a legacy long
training field or a low energy signaling field comprising the
destination information and the length imnformation.

15. The method of example 14, wherein determiming
whether the field of the PHY preamble subsequent to the
legacy short training field i1s a legacy long traiming field or
a low energy signaling field further comprises: collecting
samples for a first 0.8 us of the field subsequent to the legacy
short training field; performing auto-correlation of the first
0.8 us with a next 0.8 us of the field subsequent to the legacy
short training field; determining that the field subsequent to
the legacy short traiming field 1s a legacy long training field
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i the auto-correlation results 1n a peak; and determining that
the field subsequent to the legacy short training field 1s a low
energy signaling field 11 the auto-correlation does not result
in a peak.

16. A method, comprising: by a first wireless device:
generating a signal for wireless transmission, wherein the
signal comprises a physical layer (PHY) preamble and PHY
data, wherein the PHY preamble comprises destination
information imdicating a device to which the wireless trans-
mission 1s intended and length information indicating a
length of the wireless transmission, wherein the PHY pre-
amble comprises a portion configured for channel estima-
tion, wherein the destination information and the length
information are located prior to the portion of the PHY
preamble configured for channel estimation; and wirelessly
transmitting the signal.

1’7. The method of example 16, wherein the destination
information and the length information are differentially
encoded, wherein portions of the signal subsequent to the
portion configured for channel estimation are coherently
encoded.

18. The method of any of examples 16-17, wherein the
destination information comprises a partial association 1D
(PAID) of the destination device.

19. The method of any of examples 16-18, wherein the
signal 1s an IEEE 802.11 wireless communication signal,
wherein the PHY preamble comprises at least a legacy short
training field and a legacy long training field, wherein the
destination information and the length information are pro-
vided subsequent to the legacy short traiming field and prior
to the legacy long training field.

20. A wireless device, comprising: an antenna; a process-
ing element operably coupled to the antenna; wherein the
processing element and the antenna are configured to 1imple-
ment any or all parts of any of the methods of examples 1-19
above.

21. A wireless user equipment (UE) device, comprising:
one or more radios, coupled to one or more antennas
configured for wireless communication; and an processing
clement operably coupled to the one or more radios; wherein
the UE 1s configured to implement any or all parts of any of
the methods of examples 1-19 above.

22. A non-transitory computer accessible memory
medium comprising program instructions which, when
executed at a device, cause the device to implement any or
all parts of any of the methods of examples 1-19 above.

23. A computer program comprising instructions for per-
forming any or all parts of any of the methods of examples
1-19 above.

24. An apparatus comprising means for performing any or
all of the method elements of any of examples 1-19 above.

Embodiments of the present disclosure may be realized 1n
any of various forms. For example some embodiments may
be realized as a computer-implemented method, a computer-
readable memory medium, or a computer system. Other
embodiments may be realized using one or more custom-
designed hardware devices such as ASICs. Still other
embodiments may be realized using one or more programs-
mable hardware elements such as FPGAs.

In some embodiments, a non-transitory computer-read-
able memory medium may be configured so that 1t stores
program 1nstructions and/or data, where the program
istructions, 1f executed by a computer system, cause the
computer system to perform a method, e.g., any of a method
embodiments described herein, or, any combination of the
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method embodiments described herein, or, any subset of any
of the method embodiments described herein, or, any com-
bination of such subsets.

In some embodiments, a device (e.g., a STA) may be
configured to include a processor (or a set of processors) and
a memory medium, where the memory medium stores
program instructions, where the processor 1s configured to
read and execute the program instructions from the memory
medium, where the program instructions are executable to
implement any of the wvarious method embodiments
described herein (or, any combination of the method
embodiments described herein, or, any subset of any of the
method embodiments described herein, or, any combination
of such subsets). The device may be realized in any of
various forms.

Although the embodiments above have been described 1n
considerable detail, numerous variations and modifications
will become apparent to those skilled in the art once the
above disclosure 1s fully appreciated. It 1s intended that the
following claims be interpreted to embrace all such varia-
tions and modifications.

We claim:

1. A method, comprising:

by a wireless device:

receiving a wireless transmission, wherein the wireless
transmission comprises a physical layer (PHY) pre-
amble and PHY data, wherein the PHY preamble
comprises destination information indicating a des-
tination and length information indicating a length of
the wireless transmission, wherein the PHY pre-
amble comprises an initial portion configured for
channel estimation, wherein the destination informa-
tion and the length information are located prior to
the 1nitial portion of the PHY preamble configured
for channel estimation or are included 1n the initial
portion of the PHY preamble configured for channel
estimation;

determining whether the wireless transmission 1s or 1s
not destined to the wireless device based on the
destination information; and

in response to determining that the wireless transmis-
s1on 15 not destined to the wireless device, dropping
a remaining portion of the wireless transmission 1f
the wireless transmission 1s not destined to the
wireless device.

2. The method of claim 1, wherein the destination infor-
mation and the length information are located prior to the
initial portion of the PHY preamble configured for channel
estimation.

3. The method of claim 2,

wherein the destination information and the length infor-

mation are differentially encoded;

wherein one or more portions of the wireless transmission

subsequent to the mnitial portion configured for channel
estimation are coherently encoded.

4. The method of claim 1,

wherein the wireless transmission comprises an IEE!
802.11 wireless communication, wherein the PHY pre-
amble comprises at least a legacy short training field
and a legacy long training field, wherein the destination
information and the length information are provided
subsequent to the legacy short training field and prior to
the legacy long training field.
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5. The method of claim 1,

wherein the destination information comprises one of a
partial media access control (MAC) address of the
destination or a partial association 1D (PAID) of the
destination.

6. The method of claim 1, further comprising

identitying a field of the PHY preamble comprising the

destination information and the length information
based at least in part on a cyclic prefix structure of the
field.

7. The method of claim 1, wherein the PHY preamble
comprises a first legacy training field and a second legacy
training field, and wherein the destination information and
the length information are provided subsequent to the first
legacy training field and prior to the second legacy training
field.

8. A wireless device, comprising;:

a radio; and

an processing element operably coupled to the radio;

wherein the radio and the processing element are config-

ured to:

receive a wireless transmission, wherein the wireless
transmission comprises a physical layer (PHY) pre-
amble and PHY data, wherein the PHY preamble
comprises destination information indicating a des-
tination and length information indicating a length of
the wireless transmission, wherein the PHY pre-
amble comprises an 1initial portion configured for
channel estimation, wherein the destination informa-
tion and the length information are located prior to or
within the mitial portion of the PHY preamble con-
figured for channel estimation;

determine whether or not the wireless transmission 1s
intended for the wireless device based on the desti-
nation information; and

drop a remainder of the wireless transmission ii the
destination information indicates that the wireless
transmission 1s not intended for the wireless device.

9. The wireless device of claim 8,

wherein the destination information and the length infor-

mation are differentially encoded,

wherein portions of the wireless transmission subsequent

to the 1nitial portion configured for channel estimation
are coherently encoded.

10. The wireless device of claim 8,

wherein the destination information and the length infor-

mation are comprised 1n a differentially encoded field
of the PHY preamble, wherein OFDM symbols com-
prising the destination information and the length infor-
mation are repeated at least twice during the differen-
tially encoded field.

11. The wireless device of claim 8,

wherein the wireless transmission 1s an IEEE 802.11

wireless communication, wherein the PHY preamble
comprises at least a legacy short training field and a
legacy long training field, wherein the destination
information and the length information are provided
subsequent to the legacy short traiming field and prior to
the legacy long training field.

12. The wireless device of claim 11, wherein the radio and
the processing element are further configured to:

determine whether a field of the PHY preamble subse-

quent to the legacy short training field 1s a legacy long
training field or a signaling field comprising the desti-
nation information and the length information.

13. The wireless device of claim 12, wherein to determine
whether the field of the PHY preamble subsequent to the
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legacy short training field 1s a legacy long training field or
a signaling field comprising the destination information and
the length information, the radio and the processing element
are Turther configured to:
collect samples for a first 0.8 us of the field subsequent to
the legacy short training field;
perform auto-correlation of the first 0.8 us with a next 0.8
us of the field subsequent to the legacy short training

field;
determine that the field subsequent to the legacy short

training field 1s a legacy long tramming field if the
auto-correlation results 1n a peak; and

determine that the field subsequent to the legacy short

training field 1s a signaling field comprising the desti-
nation information and the length information 1if the
auto-correlation does not result 1 a peak.

14. The wireless device of claim 8, wherein the PHY
preamble comprises a first legacy training field and a second
legacy training field, and wherein the destination informa-
tion and the length information are provided subsequent to
the first legacy training field and prior to the second legacy
training field.

15. An apparatus, comprising;

one or more memory elements; and

one or more processing eclements commumicatively

coupled to the one or more memory elements, wherein

the one or more processing elements are configured to

operate with the one or more memory elements to:

recelve a wireless transmission, wherein the wireless
transmission comprises a physical layer (PHY) pre-
amble and PHY data, wherein the PHY preamble
comprises destination iformation indicating a des-
tination and length information indicating a length of
the wireless transmission, wherein the PHY pre-
amble comprises an 1nitial portion configured for
channel estimation, wherein the destination informa-
tion and the length mmformation are located prior to
the mitial portion of the PHY preamble configured
for channel estimation or are included 1n the initial
portion of the PHY preamble configured for channel
estimation;
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determine whether the wireless transmaission 1s or 1s not
destined to the wireless device based on the desti-
nation information; and

in response to determiming that the wireless transmis-
sion 1s not destined to the wireless device, drop a
remaining portion of the wireless transmission 11 the
wireless transmission 1s not destined to the wireless
device.

16. The apparatus of claim 15, wherein the destination
information and the length information are located prior to
the 1mtial portion of the PHY preamble configured for
channel estimation.

17. The apparatus of claim 16,

wherein the destination information and the length infor-

mation are differentially encoded;

wherein one or more portions of the wireless transmission

subsequent to the 1nitial portion configured for channel
estimation are coherently encoded.

18. The apparatus of claim 15,

wherein the wireless transmission comprises an IEEE

802.11 wireless communication, wherein the PHY pre-
amble comprises at least a legacy short training field
and a legacy long training field, wherein the destination
information and the length information are provided
subsequent to the legacy short training field and prior to
the legacy long training field.

19. The apparatus of claim 15, wherein the one or more
processing elements are further configured to:

identily a field of the PHY preamble comprising the

destination information and the length information
based at least in part on a cyclic prefix structure of the
field.

20. The apparatus of claim 15, wherein the PHY preamble
comprises a first legacy training field and a second legacy
training field, and wherein the destination information and
the length information are provided subsequent to the first
legacy training field and prior to the second legacy training

field.
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